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1. 2

The Clinton r’z:tste aigsoosal system wvas desimed for the wet fluoride
process. At the present, emphasis 1s placed on the bismuth phosphate pro-
cess although it is expected that hoth processes will be run, Hence both
fluoride and phosphate wastes will have to be taken care of with the exist=
ing facilities, which consist of (see Figure I):

A. Three pairs of underground concrste tanks, esch of 176,500 gallon
capacity;

B, Two 44,000 gallon underground concrete tanks;

C. Three 5,000 gallon underground concrete tanks which nay be emp-
tied separatelr either into the 176,500 gallon storage tanke (A)
or into the large ponda (1);

D. OCne 14,000 pallon buried concrete tank for the use of Building
7C6-43

Z. Two large (225,000 gallon) and one emall retention ponds.

All waste solutions will be neutralized to a pH 38 with 30% sodium
carbonate solution to minimize corrosion ‘during transfer and storsge. All
metalecontaining vwastes will be segrefated to facilitate eventual metal re-
covery., Ons pair of the 176,500 gallon tanks will be used to store this
neutralized metal wasts solution. These will provide storage for approxie
mately two hundred days' operation (processing one-third ton of metal per
day, in 20% UNH solution)., Active nonerietal wastes will be stored in the
second and third pairs of large tanks. The first tank will £111 up 4n
about sevemty-five days' oparation (BiPOA mrocess; greater than one year
for wet fluoride) at which time the contents will be pumped to the second
of this palr, where it will he allowed %o decay while the first tank ree
£i11s, When the first pair of tanks ig full, this procedure is repeated on
the second nair., As soon as one tank of the seecond peir is full, the long=
38t stored fank full of waste is pumped into the river, with dilution water,
at the same rate at which the cnpty sank is veing filled., Thereafter, cone
tinuation of thls cycle of emptying the longast stored tamk full of waste
widle f1lling up the last empty Sank will allow dispogsal of the decontami-
nation wastes without additional tanks., With this decontamination storage
cyele, the minirum holdeup of decontamination waste is ca. 225 days, during
which time the activity will have decressed twenty-£fold, therefore requir-
ing 2% most 230 gallons rer minute cf dilution vater for 3af'e disposal into
the river. It is bolieved that enough “nactive arocess water will be
aveilable for shis diluvion,

7lant axoerience may chow that the deecatamination waste activity is
low enough, or the amount of inactive dilution water high enough, to require

s decument containg infarmas ecting ske narinnal




only two or three of the large tanks for safe operation of this desontami-
nation waste holdeup and disposal wrocess, in which case the extra one or
two tanke can be used for metale-containing waste. This would ineresse the
effeotive service life of the present metal waste solution storage tanks
from two hundred days to three or four hundred days,

Inactive wastes such as plant process water, floor washings, ete.
will be monitored and sent to the river via the larger retention ponds,
This water (estimated flow - 200-500 zallons per minute) is available for
dilution of active wastes before dlscarding into the river,

Slightly active wastes (concentration cycle) will be stored temporar-
ily in two of the 5,000 gallon tanks. Here they will be monitored and, if
the activity is lov enough so that after mixing with the inactive wastes in
the pond the reeulting-activity will not be greater than 2 x 1011 watts/
co. (1 x 104 curies/ou.ft., or 0,1 r./24 hours' immersion), they will be
pumped to the pond and thence to the river. Otherwise they will be inclu-
ded with the active non-metal wastes in the large storage tanks,

Hotal wastes from 706-A will be stored in the 14,000 gallon tank,
actlve non-metal wastes in the third of the 5,000 gallon tanks, from which
they will be sent %o active storsge or to tho river via the nond, depending
on their activity.

All buried tanks are surrounded by a sump which may be reached for
sampling by means of a conorete dryewell., Seepage which collects in these
sumps drains to the third, amaller, retention basin, from which it nsy be
sent to the river after monitoring.

lo immediate use is planned for the two 44,000 gallon buried tanks.
These remain avallable for enérgency use, or for special storage problems,

II. Tyves of Yastes

For disposal purposes the wastes ave divided into the following:
A. Aluninum cogting solution, .
. iletal-containing solutions (extraction wastes),

B

¢. By-product nrecipitate solutiona or slurriss,
D. Honwmetal-containing decontamination golutiona,
5

5. Slightly active corcentration wastes, TED".

The designation: .
Indteates o rep ing with informatio

?, Room D waste,

wpich s ommere d i Lhe anformaan
Tnich i T

vayer st treow
106 SRS TORR TR TP

G. ZInactive proeess wzter and floor washings.
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Lor neutralizing the wastes (see Appendix), it has been decided to use only
one alkali in the waste disposal process, since the plant now hag only one
solution tank ang delivery line to the neutralizer., As it is desire
able to handle only solutions or thin slurries which are easily mumped
through pipe lines, sodium carbonate 1s used, because neutralization of the
meta.l-containing solutions with caustic aroduces bulky insoluble recipi-
tates, whereas the netal salts form a soluble, heaet stable complexx with exe
coss carbonate. The by=products forn a precipitate with excess carbonate

ing, In making the Beutralization the waste is added to the carbonate
solution to awvoiq excesaive CQ, evolution., Some €0y evolution is unavoid-
sble since it 1g impogeible to pet complete and instantaneous mixing in the
neutralization tank,

The 30% sodium carbonate solution should be kept at 35=40° C, to ene
sure that the carbonate remaing in solution, Assuming that all solutions
are neutralized at 359 C., the temperature of the neutralized slurry will
not be more than 60° C., due to heat of neutralization,

A consideration of tha handling of the senarate waste solutions fole
lows,

A.  Aluninun Gosting Solution

This solution, containing about 0.1% of the flssion activity and
of the metal, ig neutralized and stored in the metal waste storage tanks
(pair A of the 176,500 gallon tanks), About 200 gallons of neutralized
coating solution in the form of a gelatinous slurry must be handled esch
day. This slurry flows freely and containg 7% dry solids when neutralized
to a pH of 7-9, - The sollds therein are readily redispersed after settling,
éven by ar sgitation,

B. iatal Wagte

In both the bismuth phosphate and wet fluoride processes the mro-
duct will be separated first from the metal (extraetion step) and then from
the radioactive fission products (decontamination and concentration steps),
For ecither process the waste solution from the extraction step, which cone

ate solution to 5 pd 38, and stored in pair 4 of the large storage tanks,
About 1,750 pallons of neutralized neval waste plus coating solution must
be stored each day in these tanks i the axtraction precipitation ig care
ried ocut in 20% UNH soiution and one=-third ton per day of metal is processed.

For neutralization, in either Drocess, the metal waste solution ig
pumped into the carbonate golution slowly and with good stirring. Although
this requires mere alxali than if the carbonate ware added to the metal
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#aste (because the carbonate is reacted partly to biearbonate ingtead of to
C0sy), it minimizes COp evoiution and therefore the danger of fosming over
during neutralization. A4lso, when the waste solution is added to the car-
bonate no precipitate forms, whereas adding carbonate to the waste forms a
voluminous precinitate which then redissolves in axcess carbonate, This
mrecipitation is of no great consequence, however, for the precipitate dia-
solves very rapldly on the addition of excess carbonate. IMant experience
may show that the foaming from vigorous CO, liberation in the waste neu-
tralizer is not dangerous, in which case tfie carbonate may then be added to
the metal waste, with consequent saving in alksll and in the volume of neu~
tralized waste that must be stored. The possible savings may be estimated
from the figures in Table I in the Appendix, which show the alkall consump=
tions for particular waste metal solutions for the two modes of neutralisa~
tion.

Neutralized metal wastes from the bismuth phosphate and from the wet
fluoride processes can be mixed in any proportion without precipitation,
provided the pH of each 18 38, The same pair of large waste storage tanks
are therefore used for the metal wagstes from either process.

C. Br-Produgt Prooinitste Solutions

The BiPQ; by-product precipitate solutions are neutralized with
excess 30% sodium carbonate solution and stored in pair B of the large une
derground tanks (decontemination waste tanks), About 270 gallons of neu-
tralized slurry containing from 5-10% of the fission activity must be
stored each day,

In the case of fluoride by-product precipitates, the more active
ones are dissolved out with Zr solution, while the less active ones are
merely slurried out with water. In either case, NasCO; is used for neu=
tralizing and the resulting slurry 1s also stored in pair B, At present no
provision is made for keeping the by-produst slurries geparate in order to-
make them avallable for experimental purposes. If this is desired, these
slurries can be stored in one of the 44,000 gallon buried tanke used now as

spares.

D. Active Degontamination ¥agtg

Wagte golution from the first decontamination cyele iz too active
to be disposed of directly to the river. Assuning ten percent of the by
oreduct activity %o be in “he decontamination waste solution, it would ree
quire 5,000 gallona per minute of innctive water over a 24-hour period to
dilute one tateh of decontamination waste solution to the level of 1 x 104
curics/eu.f%., or 2 x 10~1l watts/ec., ocquivalent to a radiation intensity
of 0.1 r,/2/=hours within the solution (see ipnendix). Since the facili-
%ies at Clinton are not adecuate ai presemt %0 handle this amount of dilue
%ion water, i3 is latended thot the decontemination waste and by-jroduct
solutions te nesutrziized to nil 37 and stored in the large underground tanks
%0 ailow part of “he zctivity to decay, thereafter requiring less dilution
water for safe disposal inte the river, Either ¥aOd or Na 008 is satlisfgce-
tory for neutralizing decontamination wastes from either the BP0, or the
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wet fluoride rrocess. Since thare are fasilities for only one alkali, and
NayC0q must be used for neutralization of the metal~containing wastes,
HayC003 will be used for the decontamination wastes also. Again, the waste
solut mst be pumped into the carbonate solution to minimize CO» evolu-
tion and foaming, unless plant experience shows the reverse procedure is
safe, in which case a saving in carbonate and in volume of stored waste
would result (see Table I, ippendix).

for the B:lPO4 process, one pair of these large storage tanks
would hold about 150 days' output of neutralized decomtsmination waate (for
the wet fluoride, several years' output). The desontamination wvaste gto-
Tage capanity of the existing tanks may be extended indefinitely, with mine
imum dilution water requirement, by storing the neutralized deconmtamination
wastes in the remaining four large underground tanks until 3ll but one are
filled, and thersafter pmping the longest-stored tankful into the river
with the required amount of dilution water, while the remaining empty tank
is £111ing up, In this way the minimum holdeup of decontamination waste in
the tanks would be 225 days, during which time the activity would decay
about twemty-fold, thus requiring twenty~-fold less dilution water than if
diluted and discarded without prior storage, 1.e., 250 instead of 5,000
gallons per mimite. If only three of the large tanks were used in this
storage and dilution cycle, the minimum hold-up of decontamination waste
would be 150 days, resulting in approxinately a ten-fold reduction in ioti-
vity and in dilution water required. With only two tanks, 75 days minimm
hald=up, with about five-fold reduction in activity and dilution water,
would be required.

5. QConcentroion Waste

The non~metal-containing concentration waste is neutralized and
atored temporarily in the small underground storage tanks, For the B:I.PO4
process, about 2100 gallons of neutralized waste plus by-product precipie
tate solution are stored per day. Since the activity should be less than
1/2% of the original fission activi s these wastes can be diluted and sent
%o the river via the large ratention pond with correspondingly less than
250 gepems of inactive water. Should the activity be higher than anticipee
ted, these wastes can be added to the decontamination wastes in the large
tanks for activity decay.

F. loom D VWastes

These wastes, amounting to 500 gallons every other day (double
batehes are processed in Toom D), contain more aquivalente of alkali than
of acid, so neutralization iaz not neceseary. The composite room D waste is
handled in the same manmer as the nsutralized concentration wastes (E).

G. ipagtive Procegs Tnter

The inactive proceas water, along with loor washings, ete., ia
sent to one of two 22,300 gailon retemtion rends. Active wastes may be
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pumped into this stream for dilution and discharge., Here the wastes are
aonitored to make sure that the activity is below the tolarance linit of

1 x 1074 curdes per eu.ft. vefare discharging into the river. The amowmt
of this inactive water is ostimated to be 200=400 g.p.m., which may be ade=
quate for dilutilon of the concentration wastes plus the decayed decontamie
nation waste,

I¥. ZErecass Variableg
A. Agdition of Reagentg

The sodium carbonate ia added to the nsutralization tank first
for two reasonss

1. This order of addition gives much less foaming than the re-
verse, due to the formation of bicarbonate rather than CO,,
Experimental data indicate that addition of reagents in this
order gives sbout half as much CO; as addition in the reverse
order, :

2. In this method the metal carbonate complex forms iomediately
and 1t 1s not necessary to go through an intermediate preci-
pitate stage,

B. Agitation

It is recommended that solutions in the neutralization tank be
agitated vigorously during neutralization to decrease 002 formation and to
reducs foaming,

Provision should be made for air agitation in all storage tanks,
sines it is desirsble that solids be suspended during pumping operations.

C. Zemneraiuras

The 30% sodium carbonate solution should be maintained at 30-40°
C. to keep the carbonate in uolution. If all solutions are neutralized at
about 35° C., the temperatures of the neutralized slurries should not rise
to more than 60° €., due to heat of neutralization.
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AFZENDIX

datdvdty of Degoutagination Wastes
Assune that 2,000 gailons per day of decontamination waste cone
taining ten percent of the fission activity from onewthird ton of netal re-
acted at 15 low,/ton for thirty daye and cooled tnenty~-£five days, are to be
diluted so that the intensity of radiation in the waste is not more than
0.1 r./2/~hours,

The maximum allowable radiation intenaity in the solution 1s gie
ven by

Is4ld = 0.1 r,/2 tre, = 0,033 r./8 krs,
where I, = intensity per co. soiution at 1 on,
and ¥ = absorption coefficient in the solution (= 0.05 em."l),

- < 0 - 4

Therefore I = m-i]%.-nﬂﬁ 1,31 x 104 r./3 hra,
Since 1 watt = 7,5 x 20% r./8 brs. at 1 eme, Iy 2 1,75 x 10~ watts/os.

The original fission activity is 1/3x 153 5 kw, After the ool
ing period it is a thousand-rfold less, or 5 watts, The fission activity in
the decontamination waste is ten percent of this, or 0.5 watt,

The total volume of diluted waste should therefore be at least

ﬁ;ﬂ: 2,86 x 1010 co,

7.5 x 10 gallons
5 x 103 gallons/mimite for 24 hours

[T

[11]

No additional precipitate is formed by mixing wet fluoride and
811’04 metal wastes 1f the pH of each is kept at or above 8, ¥When the pH
drope much below 8, a heavy yellow rrecipitate forms,
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TABIE I

RELATIVE AMOURTS OF CARBONATE REQUIRED FOR N2UTRALIZATICN
OF BISMUTH PHOSFHATE AND WET FLUCGRIDE SEMI-RORKS METAL WASTES

Voluze 30% Required
Type Waste Hethod of Neutralization __m_m_m!m_

7 o8 pi9 oflo
BiPO, Hetal Waste 005 to Waste 11 54 65 122
" " n faste to GOy 83 % 119 ==
Tet ® ﬂ €03 to Waste 3% 73 53 ™
n n a Waste to COq % 60 71 —

This table also shows the quantity of carbonate required to change
the mixtures from one pH to another, The differences in alkali
with the method of mixing are due to thie difference in proportions of mo,‘
and CO, formed, .

TABLE II
VOLUME OF ALKALI REQUIRED FER VOLUME OF WASTE
Gal. Waste Gal. Alkall
Waste Alkall » par pex
—Sal..Alkell  Gal, Wagte
BLPO; Hetal 30% NanC0y 1.0 1.0
" " '20% RaCH 34 «29
1 " 0% Fa(H 5.6 .18
et F " 30% NenCOqy 1.5 67
" 7 20% WalH Se4 «19
" " 2% ¥aGH 9.5 A1
34P0; By-Proguot
Solution in 10N HNO, 208 HagC0y 0.5 2.0
® 20% NaGd 049 1.1
31P0, Decontamination 0% Han00q 1.6 +62
? a Z0% AaCd 3.3 %

i3l walnes in this %able are figured on a ten percent excess by
Tolume of alkali rsquired to neutralize to pH 7.
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TABIE III
FERGENT SOLIDS BY WEIGHT OF WASTES NEUTRALIZED WITH 30% NexCOq

Jiagte o _zWet Solids % Dev Solids

Alumimum Coating 7 38 7
fn 1 9 w 7

" n 10 18 ?
BiPO; Hetal Solution 7 29 26
" " it 8 none —~
Wet P ¢ 1 7 none o=
B1PO; Decontamination 7 7 3

The percent of wet solids was obtained by centrifuging for 15
ninutes at 3000 r.p.m. Dry solids were obtained by drying the wet precipi-
tate at 70° C, for twenty hours for the alumimm coating solutions, and two
hours for the others,

The wet flucride metal waste solution used had been reduced with

0.




